An increasing death rate as a result of violence constitutes a large group in medicolegal autopsies. Specially, deaths due to asphyxia are one of the most important causes in violence deaths.
locations and the characteristics of wounds on the body, and the toxicologic-histopathologic findings.
RESULTS

General Findings
During the period of 21 years, between January 1984 and October 2004, 1206 autopsies were performed; 852 (70.6%) of those 1206 cases were forensic cases. For the study group, 134 (15.7%) cases of asphyxial deaths were separated from all forensic autopsy records.
In this group, there were 107 males (79.8%) and 27 females (20.2%). The ratio of male to female was found to be 3.9:1. The races of the victims were from Turkey (97.7%, n ϭ 131), from Middle East (1.4%, n ϭ 2), and from Europe (0.9%, n ϭ 1).
The ages of the cases in this study include children from day 6 after birth to adults aged 97 years. The mean age of the cases is 41.9 years. The age group of 30 -39 years accounts for 20.8% of the cases, followed by those 20 -29 years (19.4%) and 40 -49 years (14.1%); 53.2% of the cases constitute the age group of 20 -49 years ( Fig. 1) .
Most of the deaths (35.8%, n ϭ 48) occurred in summer, 35 deaths (26.1%) in spring, 33 deaths (24.6%) in autumn, and 18 deaths (13.5%) in winter.
When seasonal variations according to the methods of asphyxiation are examined, it is observed that hanging deaths mostly occur in summer and spring, drowning deaths in summer, and CO poisoning deaths in winter. But there are no significant seasonal differences between the other methods of asphyxiation. Table 1 shows the detailed distribution of the cases according to the methods of asphyxiation, the manners of deaths, and gender. In the study period between 1984 and 2004, there were no natural asphyxial deaths, autoerotic asphyxial deaths, or positional asphyxial deaths.
Methods of Asphyxiation in Detail Hanging Deaths
In this study, the most common method of asphyxiation was hanging (56 cases, 41.8%); 83.9% of those cases were male. The age ranged from 14 to 97 years, with a mean of 41.6 years. Most of the cases were in the age group of [25] [26] [27] [28] [29] [30] years. Most of the deaths occurred in summer. According to STA, ethanol was detected in 5 cases (8.9%), plasma concentration being between 29 mg/dL and 93 mg/dL. There was no evidence of violence occurring before the cases hanged themselves. Only 2 cases had small bruises. Seventy-six percent of the cases hanged themselves indoors, mostly at home.
In the records, a ligature mark on the neck was well described for all cases, and the knot of the loops was found to be tightly placed under the chin in 85.7% (n ϭ 48) of the cases. In 37 of 56 cases (66%), the suspension point was occipitally, 14 of 56 cases were laterally (right, left), and 5 of 56 cases were frontally localized. In these series, 26 of 56 victims (46.4%) had hyoid bone fractures, 10 of 56 victims (17.8%) had thyroid cartilage fractures, and 7 of 56 cases (12.5%) had both hyoid bone and thyroid cartilage fractures. Gross bleeding in the neck muscles and other soft tissues was seen in 51.7% of the cases (n ϭ 29). Fifty-four victims were found to be suspended freely, and the remaining 2 were incompletely suspended. All of the cases accepted suicide, according to the knowledge of the scene investigation files and autopsies.
Drowning Deaths
The second largest method of asphyxiation was drowning (41 cases, 30.5%); 90.2% of the cases were male. The age ranged from 6 to 94 years, with a mean of 42.7 years. Most of the deaths occurred in the summer months. STA was performed on only 8 cases, and ethanol was detected in 2 cases, plasma concentration being 196 mg/dL and 242 mg/dL. Of 41 cases, 30 cases (73.1%) were found in the river, 5 cases (12.1%) in the sea, 3 cases (7.3%) in a well, 2 cases in a dam, and 1 case in a small ditch.
A mushroom of foam was observed around the nose and mouth in 14 cases (34.1%). In drowning deaths, the average weight of both lungs with the amount of pleural transudate was 1.136 g, which ranged between 380 g and 2050 g.
The distributions according to the manner of death show that accidents accounted for 78.1% (n ϭ 32) of all cases, suicides such as jumping from a bridge to the river accounted for 17.1% (n ϭ 7), and homicidal cases accounted for 4.8%. Of the 32 accidental drowning cases, 2 victims drowned in a motor vehicle accident fall from a bridge to the river. Of 2 homicidal drowning cases, all had severe bluntforce injuries all over their bodies. Autopsy and prosecution findings indicate that the perpetrators applied severe blunt force to the decedents, who then inhaled water in one case from a river and from the sea in another. In these 2 cases, the death was attributed to the combined effects of drowning and severe blunt-force injuries.
CO Poisoning Deaths
The third method of asphyxiation was due to CO (11 cases, 8.2%); 54.5% of the cases were male. The age ranged from 15 to 82 years, with a mean of 50 years. STA was performed on all cases, and blood carboxyhemoglobin (COHb) saturations were found in the range of 49%-61%. There was only 1 case (COHb was 52%) in this category, with 279 mg/dL blood ethanol level. Ten of 11 deaths occurred in the winter months. Nine of those 11 cases were found dead in the bathroom, using a shower connected with the gas water heater or charcoalheating devices (in one event, both an 82-year-old male, with 279 mg/dL ethanol, and a 73-year-old female; in the other event, both a 63-year-old male and a 62-year-old female were found dead). One of 11 cases was found dead at a bakery shop, and 1 case was found in the kitchen due to kitchen fire fumes.
In 9 of 11 cases, gross findings such as cherry-red livor of the skin, blood, and viscera were significant and supported the CO poisonings. The manners of death were accident in all cases.
Compressive Asphyxial (Chest-Abdomen Compression) Deaths
In this category, there were 7 cases (5.3%), 4 of which were males. The age ranged from 5 to 77 years. The manners of death showed that accidents accounted for 71.5% (n ϭ 5) and homicides for 28.5% (n ϭ 2) of all compressive asphyxial deaths. Table 2 shows the descriptions of compressive asphyxial deaths cases in detail.
Environmental Suffocation Deaths
In this category, there were 5 cases (3.8%), all being males. The age ranged from 17 to 39 years. The manner of death was accident in all cases. In 1999, 1 worker and in 2003, 3 workers died in an underground coal mine accident by staying behind a cave-in. All of the 4 had slight abrasions, and STA was negative for drugs, ethanol, and COHb. Table  3 shows the descriptions of these deaths in detail.
Choking and Aspiration Deaths
There were 4 cases (2.9%) in this category. The age ranged from 5 days after birth to the age of 36 years. Three of them were male. One case, known as an epilepsy patient, died of aspiration of gastric contents during an epilepsy attack. The other case, a baby 5 days old, died of aspiration of milk while suckling. The manner of death is accident in all cases. Table 4 shows the descriptions of choking deaths in detail and aspirated materials.
Ligature Strangulation Deaths
In this category, there were 4 cases (2.9%), 3 of which were females. The age ranged from 1.5 to 58 years. Fifty percent of the cases were homicide, and 1 of the female case had vaginal sexual assault. Intravaginal swab samples were positive for the presence of spermatozoa by microscopic examination, and there were acute injuries involving hymenal tears and bruises. Table 5 shows the descriptions of these ligature strangulation deaths in detail.
Manual Strangulation Deaths
During a 21-year period, there were only 3 manual strangulation deaths, 2 of which were females. One male case had severe body trauma that was antemortem. The manner of death was homicide in all cases. Table 6 shows the descriptions of manual strangulation deaths in detail.
Smothering Deaths
In this category, there were only 3 smothering deaths, 2 of which were females. One female victim was 3 years and 1 male victim was 11 years old. One female case had sexual assault with vaginal penetrating findings, including lacerations of the labia minor and major, hymenal tears, and bruises. But anogenital swab samples were not positive for the presence of spermatozoa by microscopic examination. Another smothering case had severe child abuse findings before his death. There were multiple and large fresh bruises on the entire body, blunt-force head injury findings involving lacerations, bruises, and abrasions of the scalp and cerebral edema. Table 7 shows the descriptions of smothering deaths in detail.
DISCUSSION
Asphyxial deaths are caused by the failure of cells to receive and/or use oxygen. 1 Brain is most sensitive to oxygen deprivation, and it is the organ mostly affected in all types of asphyxial death. However, cardiac function usually continues for several minutes after respiratory arrest. 9 Autopsy plays an important role for the investigation, and the collection of samples is of value in the reconstruction of the cases. Asphyxial deaths constitute 15.7% of all forensic autopsies in the Edirne, Trakya, region of Turkey. It has been the third or sometimes the fourth leading cause of death, changing over the years. Asphyxial death rates in forensic autopsy series from other cities in Turkey were between 6.7% and 14.7%. 10 -14 In this study, gender distribution shows a higher proportion of males (79.8%), and the male:female ratio was 3.9:1. Some Turkish studies 11, 12, 14 show a similar male preponderance in asphyxial deaths, the proportions being 64.2%,70.3%, and 78.4%.
In Table 1 , the methods of asphyxiation and the manners of death are shown in detail. In this region, hanging is the most common method of asphyxiation (41.8%), followed by drowning (30.5%), CO poisoning (8.2%), and compressive asphyxia (5.3%). The other rare methods are environmental suffocation (forced depletion of oxygen), choking and aspiration of gastric contents, ligature and manual strangulations, and smothering, which constitute 2.3%-3.8% of asphyxial deaths.
The distribution according to manners of death showed that suicides accounted for 47% of asphyxial deaths and accidents 44%, while homicides were 9% of all cases. Ege et al 13 reported that 36.1% of asphyxial deaths were suicidal, 35.1% were accidental, and 22.5 were homicidal.
Most hangings are suicidal, 1, 15, 16 being 100% of cases in this study. There is only 1 case defined as an adolescent suicide at the age of 14 years, who hanged himself at home. Accidental hangings are uncommon and constitute nearly 5% of all hangings. 15, 17, 18 Deaths due to accidental hanging among youth and adults are a well-known phenomenon, which commonly occurs during autoerotic activity. [3] [4] [5] [6] 19, 20 Moreover, accidental hangings can be seen in rare cases such as rounding the collar of a sweater, 21 hanging with a lanyard key chain, 22 hanging with a cloth belt, 23 hanging with the hand strap of a garage door, 24 and playing with a rope. 25 Hangings may also take place in murder-suicide cases for perpetrators 26 or both perpetrator and victim. 27 In addition, hangings may be accompanied by other suicide methods like gunshot wounds. 28 Accidental hanging is another major public health problem in infancy due to loose restrainers, clothing, or curtain cord 29 and in childhood due to experimental behavior involving ligatures around their necks. 30 In this study, there was no accidental hanging either in children or in adult age groups. Homicidal hanging deaths are extremely rare. There was no homicidal hanging in this study group, whereas some studies reported homicide both in children 15, 31 and in adults [32] [33] [34] [35] who had mental disease, physical weakness, or a state of drunkenness.
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In this series, most of the victims (76%) were found to be hanged indoors, specially at home 15, 16 ; only 1 case was found dead inside a bus. 36, 37 STA revealed ethanol in 8.9% of the hanging deaths, whereas ethanol was found in 34% of the cases in a previously reported study. 16 Most of the cases (96.4%) show complete suspension. Inanıcı et al 38 reported complete suspension in 78% of all cases. In this study, in 66% of the cases the location of the ligature knot was posterior (occipital). There are also papers which report posterior location as the most common knot site of hanging, 66% by Inanıcı et al, 38 61 .7% by Nikolic et al. 39 This study reveals that 76.7% of the cases (n ϭ 43) had fractures of solid neck structures. Frequency of fractures of solid neck structures is reported between 9.5% and 68%. 39 -43 The hyoid bone fractures in cases of hanging are reported to be 30%, 18.8%, 3.2%, and 10% 38 -40,44 ; this ratio is 46.4% in this study, being higher than other reported ones. The ratio for the thyroid cartilage fractures is 42.8%, 6.8%, and 22.5%, 39, 40, 44 being 17.8% in this study. Of the cases, 12.5% had both hyoid bone and thyroid cartilage fractures, similarly to the results reported by Green et al. 44 In contrast, Elfawal and Awad 45 stated that in their series there were no fractures of the hyoid bone, thyroid cartilage, and cervical vertebrae in any of the victims.
Previous studies state that there were no association between fractures of solid neck structures and types of ligature and/or suspension 39 -41,43,44 but a slight relation between frequency of fractures and the length of suspension time, 42 fractures, and increased age. 39 -41,44 Injuries of soft neck structures (muscles and other tissues) were found to be 51.7% of all cases; previous studies' reports were between 29% and 98%. 38, 39, 41 Drownings constituted the second major method of asphyxiation in this study, with a ratio of 30.5%. Ç oltu and Durak 14 reported that 27.8% of the asphyxial deaths were related to drowning in Bursa, 91.2% of which were male and died in summer; these results are in line with this study.
In this study, most of the cases (73.1%) were found in the river, and deaths were due to freshwater drownings 46 ; in contrast, other studies reported that saltwater drownings were seen in most of the cases to die. [47] [48] [49] Locations of drownings varied due to the region of the study whether it was coastal or not.
In 78.1% of the cases in this study, the manner of death was accident due mostly to fishing activities and illegal passage of fugitives from the Meriç River, which is the natural border between Turkey and Greece. This percentage is higher than that reported (47.9%) by Kringsholm et al, 48 (57%) by Gamero et al, 50 and (58%) by Lunetta et al. 51 Lucas et al 52 reported that suicidal drowning cases constituted 41% of the cases, whereas 17.1% of all cases were suicidal in this study. The ratio of suicidal drowning cases is reported between 4% and 42.6% in forensic studies. 47, 48, 50, 51, 53, 54 In this study, there were 2 cases (4.8%) whose deaths were attributed to the combined effects of blunt-force injuries and drowning; these were accepted as homicidal drowning. Homicidal drowning is a rare but an important case in forensic practice. Such deaths can occur either as a pure case of homicidal drowning 55 or with other traumatic injuries such as strangulation, 56 gunshots, stab wounds, and blunt-force injuries as in this study.
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Mushroom foam was observed around the nose and mouth in 34.1% of all cases, which is similar to the Lunetta et al 51 report (29%) from Helsinki.
CO poisoning is another major public health problem in Turkey. It is reported that CO poisoning deaths constituted 3% of all forensic autopsies in Istanbul between the years 1985 and 1992. 57 The other Turkish study between 1995 and 1998 reported that 2.5% of all forensic autopsies were related to CO poisonings in Istanbul. 58 In this region, our study showed that CO poisoning deaths constituted 1.3% of all forensic autopsies and 8.2% of asphyxial deaths. Also, 90.9% of all CO poisoning deaths occurred in winter. [57] [58] [59] [60] [61] [62] In this study, all CO poisoning cases were accidental (unintentional) in manner. There were no suicidal cases with CO poisoning. Most of the cases (81.8%) were found dead in bathrooms while using a shower connected to gas water heaters 59, 63 or charcoal-wood heating devices. 61 There was only 1 case found dead in the bread bakery shop due to accidental occupational CO poisoning from the big wood oven. 64 Another case was found dead due to inhalation of fire fumes in the kitchen. 59, 65 As stated previously by Abu Al-Ragheb and Battah, 61 most CO poisoning deaths in this study could also have been prevented.
Compression asphyxia is another form of suffocation, where deaths results from mechanical compression of the chest and/or upper abdomen, which makes respiration impossible. 1, 9 Although the manner of deaths in compressive asphyxia is usually accidental, 1, 66, 67 homicidal traumatic asphyxial cases are reported in forensic studies. 68, 69 In this study, most of the compressive asphyxiations (71.4%, n ϭ 5/7) were naturally accidental, specially work-related vehicle accidents. Two of 7 cases who were female and aged over 60 were homicidal compression asphyxia. One of them had sexual assault with anal penetration findings, and the other one was killed with a combination of manual smothering and compressive asphyxia. The combination of traumatic asphyxia and different methods of mechanical asphyxia was reported in previous forensic studies. 2, [67] [68] [69] Belviso et al 8 also noticed the difficulty of differential diagnosis between positional asphyxia and traumatic asphyxia.
In this study, there were 5 cases whose deaths were due to environmental suffocation due to forced depletion of oxygen. Four of 5 cases were dead because of staying behind a cave-in in a coal mine. There was no toxicologic evidence for these deaths because atmospheric sampling of scene was not performed by investigators. And the other was found dead with 2 unconscious friends in a natural gas pipeline excava-tion. In all cases, STA was negative for ethanol and COHb, and all of them had no major external injuries causing death. Marked external cyanosis and, histopathologically, edema and hypoxia in all organs were the only external and internal findings. In environmental suffocation deaths, the autopsy findings were not specific, and death resulted from the displacement of atmospheric oxygen by suffocating gases. 1, 70, 71 All cases were work-related accidental in manner. In this study, an atmospheric sampling for the gases at the scene and transthoracic aspiration of the bodies were not performed that were essential. 1, 70 Choking and aspiration deaths constituted 2.9% of all asphyxial deaths in this study. All of the cases were accidental in manner and caused with food items. Ç etin et al 72 reported that most choking cases (59%) in Istanbul are in children aged between 8 months and 15 years and caused with food items such as dry beans, cherry seeds, chickpeas, sunflower seeds, a piece of carrot, and grapes. Accidental choking with nonfood items in children were reported previously, such as by a balloon, a screw, a plastic pistol bullet, 72 a marble, a small toy, a stone, 73 by a rubber balloon, 74 and by a pacifier. 75 An example for accidental choking in adults, caused with foods so that the victim died from asphyxia due to airway obstruction, took place in this study (in Table 4 , case 2). Accidental and suicidal choking in adults with different items was also reported. 76 -80 In one case, death was due to aspiration of gastric contents during an epilepsy attack. In such cases, the differentiation between agonal overspill from true vital aspiration is necessary. 73 The tracheobronchial tree must be filled with the aspirated material. 81 Homicidal choking is rarely reported in forensic practice. 82 Another method of asphyxiation is ligature strangulation (2.9% in this study), which is mainly homicidal in manner 1, 14, [83] [84] [85] [86] ; female victims constitute most of the cases, 83, 84, 86 and generally have sexual assaults. 83, 84 In this study, there were 2 homicidal ligature strangulations. One of them was a young female who had vaginal sexual assault findings that intravaginal swab samples were positive for the presence of spermatozoa by microscopic examination, and there were acute injuries involved hymenal tears and bruises. Fatal sexual assaults on women due to ligature strangulation had been reported previously. 87 Although it was reported in previous studies, 88 -91 there was no suicidal ligature strangulation in the present study. In contrast, in this study accidental ligature strangulation cases were seen in 2 ( Table 5 , cases 1, 4), similar to the reports published previously. [92] [93] [94] [95] According to Table 5 , one ligature strangulation case had manual smothering findings 83 ; there were also reported cases who died as a result of a combination of other methods of asphyxiation and ligature strangulation. [83] [84] [85] [86] Both external and internal injuries due to ligature strangulation are described in detail in Table 5 . Ligature mark, petechiae of conjunctivae and the face skin, and hemorrhages at the neck muscles were the most common findings in these Asphyxial Deaths cases. These findings in mechanical asphyxiation are well documented. 96 -106 In the present study, during the 21-year period, another rare method of asphyxiation is manual strangulation deaths that constitute 2.3% of all asphyxial deaths. Ç oltu and Durak 14 reported that manual strangulation deaths were found to be 5.85% of all asphyxiation deaths in Bursa. The method distribution among the asphyxial deaths was varied between regions as manual strangulation is the most common method of asphyxial homicide. 83, 85 On the other hand, some reports state that ligature strangulation is the common method. 84, 86, 107 In this study, 2 female victims and 1 male victim were strangled with the hand, and one of the female victims also had findings of smothering. Fingernail scratch marks, bruises on the neck, and hyoid bone fracture were found in all cases. Thyroid cartilage fracture was found only in 2 cases. 83, 86 None of the female victims showed sexual assault findings.
Smothering is a kind of suffocation due to mechanical obstruction or occlusion of the nose and mouth with the hands, a plastic bag, or a smooth cover. 1, 9 Smothering deaths in this study were found in 3 victims, which constituted 2.3% of all asphyxial cases. Most smothering deaths are homicidal in manner, 84 -86 most of them are children, 108, 109 and many of them are associated with sexual assault. 86, 108 In this study, 2 of 3 cases who were smothered with the hand were children ( Table 7 , cases 1, 3), one of them also had sexual assault with vaginal penetration findings, and the other one showed severe child abuse findings. Another young female adult was smothered with a plastic bag and found in an empty field. Homicidal smothering in young adults and adults was reported previously. 110 Homicidal smothering is a killing method often used by a physically stronger assailant against a weaker victim.
Plastic bags are most commonly used items for suicidal smothering. [111] [112] [113] [114] [115] [116] Accidental smothering cases were reported with a pillow, 117 undersurface of a truck, 67 and packing tape. 118 Accidental smothering as a cause of death was also reported in sexual asphyxia cases 114 and in crib deaths in infants. 1, 73 In this study, there were no suicidal and accidental smothering cases.
In the study period between 1984 and 2004, there were no autoerotic asphyxial deaths and positional asphyxial deaths. In addition, there was no natural asphyxial deaths in this retrospective study, whereas natural diseases causing sudden asphyxial deaths were reported by Byard et al, 78 In conclusion, this retrospective study shows that asphyxial deaths, most of which can be prevented by education and rehabilitation of individuals, are common in males and young-middle-aged people. The importance of scene investigation and so proper postmortem external and internal examinations is obvious.
